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1991-7902/Copyrightª 2014, AssociatioAbstract Background/purpose: The aim of the present study is to review the survival rate of
dental implants with overdenture rehabilitation within the past 20 years.
Materials and methods: Patients (nZ 187) treated with implant-supported overdentures from
November 1993 to October 2013 were studied. Oral rehabilitations were completed and
followed-up over average of 103  21 months (range, 6e240 months). There were of 131 males
and 56 females (mean age 64.2 years; range, 37e87 years) who received 32 dentures with 149
implants (22%) in maxillae and 161 dentures with 533 implants (78%) in mandibles. Most of the
patients (nZ 136) were routinely followed up every 6 months, for the others, information for
data collection on implant survival was performed by telephone (n Z 51).
Results: In total, 650 implants (95.3%) survived, and 32 implants (4.7%) failed. The 32 failed
implants included 28 Steri-Oss implants (20.9%), one F-2 (0.8%), two Xive (1.6%), and one Nobel
Biocare implant (2.3%). According to the attachment systems, eight failed implants combined
with O-ring (22.9%), 11 with ball attachment (11.6%), seven with bar-clip (20.6%), one with
milled-bar (0.2%), and one implant with locator (1.2%).
Conclusion: The overall survival rate of dental implants with overdenture rehabilitation was
95.3% (91.3% in maxillae vs. 96.4% in mandibles) within the past 20 years. With carefulof Dentistry, National Yang-Ming University, 155 Li-Nong Street, Section 2, Taipei 112 Taiwan.
(M.-L. Hsu).
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56 H.-S. Chang et alFigure 1 Ditreatment planning, implant-supported overdenture is an interesting treatment alternative
with better esthetic, retention, stability, and good hygienic maintenance for patients with se-
vere ridge resorption.
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Long-term prognosis and predictability of implant-
supported prostheses have been well documented.1e6
Fully edentulous patients with severely resorbed ridges
combined with unfavorable jaw relations often experience
problems with their conventional prostheses, due to an
impaired load-bearing capacity. Thus, patients have to
change food preparation in order to accommodate their
insufficient masticatory function. Implant-supported over-
denture is an optional treatment for the patients who un-
dergo moderate to severe ridge resorption, which offers
better esthetics, retention, and stability of the prosthesis
and also have some advantages over full arch fixed implant
prostheses, such as fewer implants required and lower
cost.7e9 However, the survival rate of implant-supported
overdenture still reveals an unclear tendency. A system-
atic review of implants with a minimal 5 years of loading
reported higher failure rates for implant-supported over-
denture than fixed implant-supported prostheses.10 Be-
sides, the attachment of an overdenture plays a very
important role on both stability and retention of the pros-
theses. A randomized clinical trial of mandibular long-bar
implant-supported overdenture showed similar patient
satisfaction as with a fixed implant prostheses.11 The
objective of the present study is to review the survival rate
of dental implants with overdenture rehabilitation com-
bined with different attachment designs in our clinical
experience in the past 20 years.Materials and methods
The patients (n Z 187) have been treated with implant-
supported overdentures (implant, 682; denture, 193) at
the Implant Center of Kaohsiung Veterans General Hospital,
Taiwan from November 1993 to October 2013 were studied
(Fig. 1). Oral rehabilitations were completed and followed
over an average of 103  21 months (range, 6e240 months).stribution of patients and implaThe patients included 131 males and 56 females (mean age
64.2 years; range, 37e87 years) who received 32 dentures
with 149 implants (22%) in maxilla and 161 dentures with
533 implants (78%) in mandible (Table 1). Most of the pa-
tients (n Z 136) were routinely followed up every 6
months; for the others, information for data collection on
implant survival was gathered by telephone (n Z 51).
Fifteen patients (70 implants) were excluded due to death
during the follow-up period and four sleep implants were
classified in the failed group. Orthopantographic assess-
ments were routinely carried out and cone-beam computer
tomographic examinations were supplemented in severely
atrophied areas in maxillae and mandibles. Nine different
implant systems and six attachment systems were involved
in the present study, implant system and number were: (1)
Steri-Oss (Sterioss, Yorba Linda, California, USA), 134 im-
plants (19.6%); (2) F-2 (FRIADENT GmbH, Mannheim, Ger-
many); 119 implants (17.4%); (3) Xive (FRIADENT GmbH,
Mannheim, Germany), 122 implants (17.9%); (4) Straumann
(Straumann AG, Basel, Switzerland), 187 implants (27.4%);
(5) Nobel Biocare (Nobel Biocare, Go¨teborg, Sweden), 44
implants (6.4%); (6) Lifecore (LifeCore Biomedical, Chaska
MN, USA), 41 implants (6.0%); (7) Anthogyr (Anthogyr,
Sallanches, France), 18 implants (2.6%); (8) Swiss plus
(Zimmer Dental Inc, Carlsbad CA, USA), 14 implants (2.1%);
and (9) 3i (BIOMET 3i, Palm Beach Gardens, FL), 3 implants
(0.4%; Fig. 2). Attachment system and involved implant
number were: (1) ball attachment, 95 implants (13.9%); (2)
O-ring, 35 implants (5.1%); (3) bar-clip, 34 implants (5.0%);
(4) milled-bar, 417 implants (61.1%); (5) magnet, nine im-
plants (1.3%); (6) locator, 86 implants (12.6%); and (7)
support, six implants (0.9%; Fig. 3). Descriptive analysis was
applied to the patients, implant systems, and types of
attachment. Retrograde assessment of the jaw bone with
failed implants was based on an evaluation of the bone
morphology according to Lekholm and Zarb.12 An implant
still in function in the oral cavity, without any clearly un-
comfortable symptoms and signs (pain, mobility), was
considered to have survived.nt placements within the past 20 years.
Figure 3 Distribution of survived and failed implant number
with different attachment systems. SupportZ implant for sup-
porting function of distal free-end removable partial denture.
Table 1 Overall distributions of patient, implant, den-
ture, and location of dental implants installed in maxillae
and mandibles.
Male Female Total
131 56 187
Denture (n) Mx (32) Md (161) 193
Implant 149 533 682
Location (n) Mx-a (82) Mx-p (67) 149
Md-a (389) Md-p (144) 533
a Z anterior; Md Z mandible; Mx Z maxilla; p Z posterior.
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There were 650 implants (95.3%) that survived, and 32 im-
plants (4.7%) failed. The 32 failed implants included 28
Steri-Oss implants (20.9%), one F-2 (0.8%), two Xive (1.6%),
and one Nobel Biocare implant (2.3%; Table 2 and Fig. 2).
According to the attachment systems, eight failed implants
combined with O-ring (22.9%), 11 with ball attachment
(11.6%), seven with bar-clip (20.6%), one with milled-bar
(0.2%), and one implant with locator (1.2%; Table 2,
Fig. 3). Among 28 failed implants with different attach-
ments, there were eight implants splinted (1.8%) and 20
unsplinted (8.7%). Among the failed implants, there were
eight implants installed in anterior regions and five implants
in posterior regions of the maxilla (13/149 Z 8.7%). There
were 18 implants installed in anterior regions (4 sleep im-
plants) and one implant in posterior region of the mandible
(19/533 Z 3.6%; Table 2). For the failed implants, the
average duration in loading function was 68 months before
they were removed from the oral cavity. The overall sur-
vival rate of dental implants with overdenture rehabilita-
tion was 95.3% (91.3% in maxillae vs. 96.4% in mandibles)
within the past 20 years.Discussion
There have been many studies on implant-supported over-
dentures with high survival rates, but short follow-up pe-
riods have been reported. With the limitations of
retrospective study, results of the present article reveal an
overall survival rate of 95.3% for dental implants withFigure 2 Distribution of survived and failed number of
different implant systems. Ant Z Anthogyr; Lif Z Lifecore;
Nob Z Nobel Biocare; St1 Z Steri-oss; St2 Z Straumann;
Swi Z Swiss plus; Xiv Z Xive.overdenture rehabilitation within the past 20 years. This
survival rate is similar to a long-term retrospective study,
which showed a survival rate of 95.5% after 23 years of
loading.13 Within the first 8 years, we used the only one
implant system (Steri-Oss) and about 20% of the installed
fixtures were cylinder type with titanium plasma spray
(TPS) or hydroxyapatite (HA)-coated surface. Among the 28
failed Steri-oss implants, there were 15 implants with TPS
surface and 11 implants with HA coating, when two sleep
implants were excluded (Table 2). The result is consistent
with a 5-year clinical follow-up research, which revealed a
higher failure rate of cylindrical dental implants with TPS-
coated surface than HA-coated surface.14 Thirteen of the
failed implants were installed in maxillae (13/149: 8.7%),
which was nearly 2.5 times higher than in mandibles (19/
533: 3.6%). Most of the failed implants in maxillae were
unsplinted, either in anterior regions or posterior regions.
Most of the failed implants in the present study were small
diameter fixtures that were installed in poor bone quanti-
tative situations without splinting, neither in maxillae nor
in mandibles (Table 2). However, there is still controversy
about whether splinting or not and also the selection of
attachment system in some articles. Numerous studies have
revealed a higher failure rate of implant-supported over-
denture in maxillae than in mandibles, poor bone
morphology and improper loading situations were indicated
as factors that caused higher failure rates in maxillae.15e22
A systematic literature review showed that there is no
difference in survival rates of implant-supported over-
denture in the upper jaw between splinted and unsplinted
design, but the unsplinted design needs more prosthetic
maintenance and the bar-clip implant-supported over-
denture has been shown to be a more successful pros-
thesis.23 In a systematic review of implant-supported
overdenture in maxillae with at least 1 year of loading
that found a higher survival rate among six implants with
bar-splinted (98.2%) than four implants with bar-splinted
(96.3%) or four independent implants with ball attach-
ments (95.2%).24 The other studies also revealed that the
number of implants installed in maxillae had a significant
influence on survival rate, they recommend that at least
four implants should be performed to support an maxillary
overdenture.25e27 In the present study, six implants
installed at the anterior mandible with poor bone quantity
completely failed in two male patients, who are a heavy
smoker and an alcohol drinker. Among the 19 failed im-
plants in the mandible, four implants in the anterior regions
were kept in sleep due to poorly lingualized angulation and
Table 2 Characteristics of the patients with implant losses in maxillae and mandibles after loading.
Sex/age at
implant placement
Implant
system
Implant
surface
Implant
D/L (mm)
Opposite
jaw
Location (n) Bone
quality
Bone
quantity
Attachment
type
Splinted/
unsplinted
M/63 Steri-Oss HA 3.8/12 RPD Md-a (2slp) II C
HA 3.8/12
M/73 Steri-Oss HA 3.25/12 RPD Mx-a (2) III C Bar-clip Splinted
HA 3.25/14
HA 3.25/12 Mx-p (3) III C Bar-clip Splinted
HA 3.25/12
HA 3.25/12
HA 3.25/12 RPD Md-p (1) III C Bar-clip Splinted
M/45 Steri-Oss HA 3.8/12 RPD Md-a (1) II C O-ring Unsplinted
M/72 Steri-Oss TPS 3.8/12 CD Md-a (1) II C Bar-clip Splinted
M/70 Steri-Oss HA 3.25/12 CD Md-a (1) II C O-ring Unsplinted
M/66 Steri-Oss HA 3.25/12 CD Mx-p (1) II D Ball Unsplinted
M/62 Steri-Oss TPS 3.25/14 RPD Mx-a (2) III C Ball Unsplinted
TPS 3.25/14
TPS 3.25/12 Mx-p (1) III C Ball Unsplinted
M/54 Steri-Oss TPS 3.25/12 RPD Md-a (1) II C Ball Unsplinted
M/75 Steri-Oss HA 3.25/16 CD Mx-a (1) II C Ball Unsplinted
F/46 Steri-Oss TPS 3.8/14 Dentate Mx-a (3) III D O-ring Unsplinted
TPS 3.8/12
TPS 3.8/12
M/54 Steri-Oss TPS 3.25/12 CD Md-a (3) II D Ball Unsplinted
TPS 3.25/12
TPS 3.25/12
M/55 Steri-Oss TPS 3.8/16 CD Md-a (3) II D Ball Unsplinted
TPS 3.8/14
TPS 3.8/14
M/58 Steri-Oss HA 3.8/14 RPD Md-p (1) II D Milled-bar Splinted
M/51 Steri-Oss TPS 3.8/14 RPD Md-a (1) II C Ball Unsplinted
M/77 F-2 TPS 3.8/15 CD Md-a (1) II C Ball Unsplinted
F/73 Xive TPS 3.0/11 CD Md-a (2slp) II D
TPS 3.0/11
M/82 Nobel TiUnite 3.5/11.5 CD Md-a (1) II D Locator Unsplinted
*Bone morphology according to Lekholm and Zarb.12
aZ anterior; CDZ complete denture; FZ female; MZ male; MdZ mandible; MxZ maxilla; pZ posterior; RPDZ removable partial
denture; slp Z sleep.
58 H.-S. Chang et altoo closely positioned for hygienic maintenance. According
to the results of this study, description about the attach-
ment systems and prostheses do not focus on the survival
rate, but the complications, maintenance, and patient’s
subjective satisfaction.
Selection of the attachments in the first 8 years was
according to a series of product of the implant system
(Steri-Oss; Table 2). Among the attachment systems, worn
rubber ring and dislodged matrix or metal house were more
common complications, especially in anterior maxillae due
to improper angulation of the installed implant. More
common technical procedures carried out according to the
types of attachment, were exchange of the rubber ring or
plastic clip and retightening of the loosening attachment in
the 1st year. Within later years, a new treatment strategy
was performed to minimize the vexatious complications of
different types of attachment after careful patient selec-
tion and delicate treatment planning. Among the whole
installed implants, 417 implants (61.1%) were restored with
milled bar attachment to support the overdenture inmaxillae or mandibles. The results of the milled bar
implant-supported overdenture in this study are similar to a
systematic literature review, which concluded that milled
bar implant-supported overdentures offer the advantages
of removable prostheses with the stability and retention of
fixed prostheses.28 With prudent treatment planning, the
milled bar implant-supported overdenture offers high sur-
vival rates either in maxillae or mandibles for patients with
moderate to severe ridge resorption.
Generally, patients with severe ridge resorption often
suffered from recurrent mucosal ulceration due to poor soft
tissue quality and edentulous ridge loading capacity. The
milled bar splinting design with adequate implants provides
excellent support, stability, and retention, like fixed pros-
theses.29,30 This type of attachment often has fewer com-
plications than the other types of attachments used in our
clinical experience and has lower maintenance cost. How-
ever, there were still some scattered complications, such as
the bar fracturing around the wall of the screw hole in the
distal cantilever segments and requiring repair. In the
Survival rate of implant-supported overdenture 59present study, milled bar implant-supported overdenture
rehabilitation was also applied to some patients with oral
cancer after surgery and/or radiotherapy, which provided
better esthetics and rehabilitative characters than the
conventional prostheses. The overall subjective patient
satisfactions with milled bar implant-supported over-
denture were higher than the other types of attachment in
our clinical experience. No matter what type of attach-
ments used in the present study, types of technical com-
plications of prostheses need to be faced and resolved, for
example, reline/rebase and denture repair or even a new
denture fabrication. There are several factors that concern
us about the failed implants in the present study, including:
(1) experience of the practitioner; (2) type of implant; (3)
host site of the fixture; (4) attachment system; (5) splinted
or unsplinted; (6) habits of the patient; and (7) hygienic
maintenance.
In conclusion, no single type of attachment or prosthesis
can offer completely perfect requirements to satisfy pa-
tients with compromised edentulous ridge and financial
destitution. Delicate treatment planning and careful pa-
tient selection are the key factors for achieving the final
success. The implant-supported overdenture is an inter-
esting treatment alternative with better esthetics, reten-
tion, and stability and good hygiene maintenance for the
patients with moderate to severe ridge resorption.Conflicts of interest
The authors have no conflicts of interest relevant to this
article.Acknowledgments
The authors gratefully acknowledge the School of Dentistry,
National Yang-Ming University, and the Department of Sto-
matology, Kaohsiung Veterans General Hospital for offering
the resources to finish the study. We would like to give our
respect to all of the participants for the present study.References
1. Quirynen M, Naert I, van Steenberghe D, et al. The cumulative
failure rate of the Bra˚nemark system in the overdenture, the
fixed partial, and the fixed full prostheses design: a prospec-
tive study of 1273 fixtures. J Head Neck Pathol 1991;104:
43e53.
2. Bra˚nemark PI, Svensson B, van Steenberghe D. Ten-year sur-
vival rates of fixed prostheses on four or six implants in full
edentulism. Clin Oral Implants Res 1995;6:227e31.
3. Adell R, Eriksson B, Lekholm U, Bra˚nemark PI, Jemt T. A long-
term follow up study of osseointegrated implants in the
treatment of totally edentulous jaws. Int J Oral Maxillofac
Implants 1990;5:347e59.
4. Akoglu B, Ucankale M, Ozkan Y, Kulak-Ozkan Y. Five-year
treatment outcomes with three brands of implants supporting
mandibular overdentures. Int J Oral Maxillofac Implants 2011;
26:188e94.
5. Feine JS, Carlsson GE, Awad MA, et al. The McGill consensus
statement on overdentures. Mandibular two-implant over-
dentures as first choice standard of care for edentulouspatients. Montreal, Quebec, May 24-25, 2002. Int J Oral Max-
illofac Implants 2002;17:601e2.
6. Thomason JM, Feine J, Exley C, et al. Mandibular two implant-
supported overdentures as the first choice standard of care for
edentulous patients. The York Consensus Statement. Br Dent J
2009;207:185e6.
7. Attard NJ, Zarb GA. Long-term treatment outcomes in eden-
tulous patients with implant overdentures: the Toronto study.
Jnt J Prosthodont 2004;17:425e33.
8. DudicA,Mericske-SternR. Retentionmechanismsandprosthetic
complications of implant supported mandibular overdentures:
long-term results. Clin Implant Dent Relat Res 2002;4:212e9.
9. Enquist B, Bergendal T, Kallus T, Linden U. A retrospective
multicenter evaluation of osseointegrated implants supporting
overdentures. Int J Oral Maxillofac Implants 1988;3:129e34.
10. Berglundh T, Persson L, Klinge B. A systematic review of the
incidence of biological and technical complications in implant
dentistry reported in prospective longitudinal studies of at
least 5 years. J Clin Perodontol 2002;29:197e212.
11. de Grandmont P, Feine JS, Tache´ R, et al. Within-subject
comparisons of implant-supported mandibular prostheses:
psychometric evaluation. J Dent Res 1994;73:1096e104.
12. Lekholm U, Zarb GA. Patient selection and preparation. In:
Bra˚nemark PI, Zarb GA, Albrektsson T, eds. Tissue-integrated
Prostheses: Osseointegration in Clinical Dentistry. Chicago:
Quintessence, 1985:199e209.
13. Vercuyssen M, Marcelis K, Coucke W, Naert I, Quirynen M. Long-
term retrospective evaluation (implant and patient-centred
outcome) of the two-implant-supported overdenture in the
mandible. Part 1: survival rate. Clin Oral Implants Res 2010;21:
357e65.
14. Capilla MV, Olid MNR, Gaya MVO, Botella CR, Romera CZ. Cy-
lindrical dental implants with hydroxyapatite- and titanium
plasma spray-coated surface: 5-year results. J Oral Implant
2007;33:59e68.
15. Naert I, Quirynen M, Theunier G, van Steenberge D. Prosthetic
aspects of osseointegrated fixtures supporting overdentures. A
4-year report. J Prosthet Dent 1991;65:671e80.
16. Palmqvist S, Sondell K, Swartz B. Implant-supported maxillary
overdentures: outcome in planned and emergency cases. Int J
Oral Maxillofac Implants 1994;9:184e90.
17. Jemt T, Book K, Linde´n B, Urde G. Failures and complications in
92 consecutively inserted overdentures supported by Bra˚ne-
mark implants in severe resorbed edentulous maxillae: a study
from prosthetic treatment to first annual check-up. Int J Oral
Maxillofac Implants 1992;7:162e7.
18. Cune MS, de Putter C, Hoogstraten J. Treatment outcome with
implant-retained overdentures: Part I. Clinical finding and
predictability of clinical treatment outcome. J Prosthet Dent
1994;72:144e51.
19. Bergendal T, Engquist B. Implant-supported overdentures: a
longitudinal prospective study. Int J Oral Maxillofac Implants
1998;13:253e62.
20. Tripton PA. The milled bar-retained removable bridge implant-
supported prostheseis: a treatment alternative for the eden-
tulous maxilla. J Esthet Restor Dent 2002;14:208e16.
21. Sadowsky SJ. Treatment consideration for maxillary implant
overdentures: a systemic review. J Prosthet Dent2007;97:340e8.
22. Sorni M, Guarinos J, Pen˜arrocha M. Implants in anatomical
buttresses of upper jaw. Med Oral Patol Bucal Oral Cir Bucal
2005;10:163e8.
23. Stoumpis C, Kohal RJ. To splint or not to splint oral implants in
the implant-supported overdenture therapy? A systematic
literature review. J Oral Rehabil 2011;38:857e69.
24. Slot W, Raghoebar GM, Vissink A, Huddleston Slater JJ,
Meijer HJ. A systematic review of implant-supported maxillary
ocerdentures after a mean observation period of at least one
year. J Clin Periodontol 2010;37:98e100.
60 H.-S. Chang et al25. Zitzmann NU, Marinello CP. Treatment outcome of fixed or
removable implant-supported prostheses in the edentulous
maxilla. Part I: patients’ assessments. J Prosthet Dent 2000;83:
424e33.
26. Mericske-Stern R, Oetterli M, Kiener P, Mericske E. A follow-up
study of maxillary implant supporting an overdenture: clinical
and radiographic results. Int J Oral Maxillofac Implants 2002;
17:678e86.
27. Balaguer J, Ata-Ali J, Pen˜arrocha-Oltra D, Garcia B,
Pen˜arrocha M. Long-term survival rates of implants supporting
overdentures. J Oral Implantol 2013. http://dx.doi.org/AAID-
JOI-D-12-00178 (in press).28. Bueno-Samper A, Herna´ndez-Aliaga M, Calvo-Guirado JL. The
implant-supported milled bar overdenture: a literature review.
Med Oral Patol Bucal Oral Cir Bucal 2010;15:375e8.
29. Krennmair G, Krainhofner M, Piehslinger E. Implant-sup-
ported mandibular overdentures retained with a milled bar:
a retrospective study. Int J Oral Maxillofac Implants 2007;
22:987e94.
30. Krennmair G, Krainho¨fner M, Piehslinger E. Implant-sup-
ported maxillary overdentures retained with a milled bar:
maxillary anterior versus maxillary posterior conceptda
retrospective study. Int J Oral Maxillofac Implants 2008;23:
343e52.
